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Abstract

Limited data are available on the dual burden of under- and over-nutrition 
among children in the Republic of Marshall Islands (RMI). This study aimed 
to identify the prevalence of stunting and obesity among elementary school 
students on Majuro, RMI. A cross-sectional study was conducted in public 
and private elementary schools on Majuro in 2017 – 2018. Anthropometric 
data were collected for 3,271 children, 4-16 years of age. The main outcome 
measures were prevalence of stunting and obesity. Differences by gender, age, 
and school type (public or private) were assessed using chi-squared tests. 
Overall, 5.1% (95% CI 4.4-5.9) of children were obese, and 23.6% (95% CI 
22.2-25.1) of children were stunted. Obesity prevalence was higher among 
boys (6.3%; girls 3.9%; P=0.002) and children attending private schools (11.8%; 
public schools 2.9%; P<0.001), and increased with age (4-6 years 3.3%; 10-
12 years 7.1%; P<0.001),. Stunting prevalence was higher among children 
attending public schools (28.8%; private schools 8.0%) and increased with age 
(4-6 years 20.6%; 10-12 years 27.5%; P<0.001). Prevalence of stunting and 
obesity observed in this study support the need for interventions to improve 
nutrition and promote healthy lifestyles among children, both to address 
current undernutrition, and to intervene early to prevent the onset of obesity.
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Introduction

Understanding the prevalence of undernutrition and obesity 
among children is of critical importance for public health 
policy, as both are associated with lifelong adverse effects. 
Childhood undernutrition is associated with impaired cognitive 
development, reduced school achievement, and increased risk 
of obesity and reduced economic productivity in adulthood.1,2 
Obesity among children adversely affects their psychological, 
musculoskeletal, cardiovascular and respiratory health.3,4 Fur-
thermore, obese children are likely to remain obese as adults,5 
placing them at increased risk of diabetes, hypertension, car-
diovascular morbidity and premature mortality.6

While childhood obesity is receiving increased attention glob-
ally, undernutrition – which includes  wasting (low weight-for-
height), stunting (low height-for-age) and underweight (low 
weight-for-age) – continues to be a public health problem in 
many low- and middle-income countries, Many countries are 
experiencing a nutrition ‘dual burden’, characterised by the co-
existence of undernutrition and micronutrient deficiencies, along 
with obesity and diet-related non-communicable diseases.7-9 

One such country is the Republic of Marshall Islands (RMI), 
where evidence suggests high rates of underweight and stunting 
among young children, coupled with high rates of obesity in 
adulthood. A nutrition survey conducted in 2017 found 12% 
of Marshallese children aged under 5 were underweight and 
35.3% stunted.10 While the same study found only 4% of children 
under 5 were overweight or obese, obesity emerges as an issue 
in adolescence and adulthood, with obesity prevalence of 26% 
among adolescents11 and 32% of adults in RMI.12

RMI is located in the central Pacific Ocean and comprises five 
islands and 29 scattered and remote atolls, a land area of just 181 
square kilometers spread over 1.9 million square kilometers of 
ocean. The estimated population of RMI (as of 2018) is 53,000 
people, with the majority (77%) living in the densely-populated 
urban areas of Majuro and Kwajalein.13 The unique geography of 
RMI poses a significant challenge to food security, a key factor 
driving the nutrition dual burden in RMI. RMI was tradition-
ally dependent on fishing and subsistence agriculture, however 
increasing urbanization and limited availability of agricultural 
land has led to high dependence on imported foods. Climate 
change, drought, and contamination with radioactive wastes 
have further affected both agricultural production and household 
food security with resultant impact on health, nutrition, water, 
sanitation and education status of the population. 

The RMI Ministry of Health and Ministry of Education are 
implementing a range of initiatives in school settings to ad-
dress childhood under- and over-nutrition. One such project 
is the Majuro Youth Lifetime Health Program,14 implemented 
in public elementary schools on Majuro in partnership with 
Canvasback Missions. The program started in July 2017, and 
has multiple components including (1) development of teach-
ing materials about healthy diet and lifestyle targeting kinder-
garten and elementary school students, (2) building teachers’ 
capacity to use these materials in the classroom, (3) training 
of school food vendors to provide healthier school lunches, 
and (4) building schools’ capacity to provide physical activity 
classes and create safe areas for physical activity. While the 
program focusses on obesity prevention, the nutrition aspects 
of the program also have potential to address undernutrition – 
particularly supporting provision of healthier school lunches. 
engaging with parents and communities. This report presents 
baseline data on the prevalence of obesity and stunting among 
elementary school students living on Majuro.
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Methods

Study Design and Sample

This was a cross-sectional study, with data collected between 
September 2017 and January 2018. All elementary schools on 
Majuro (11 public schools, 7 private schools) were invited to 
participate via letter to the school principal. Nine public schools 
and 7 private schools agreed to participate. 

Ethics Approval and Consent

This study was conducted with the approval of the RMI Min-
istry of Health and Human Services, Ministry of Education, 
and the school principal at each participating school. Parents 
and children were advised that the study was taking place, that 
participation was voluntary and they could opt out at any time; 
however no parents or children decided to opt out of the study.   

Data Collection

One day of data collection was conducted at each school, with 
anthropometry data collected from all students attending school 
that day. Demographic information (students’ name, school 
grade, gender and date of birth) was provided by school admin-
istrators at each participating school. Each child’s current height 
and weight were measured according to standard procedures15 
by a team of eight trained staff, using standard equipment 
(Perspective Enterprises Stadiometer model PE-AIM-101, Seca 
scale Model 876). Middle upper arm circumference was also 
measured for Kindergarten students in some schools; these data 
are not presented here due to the small sample size.

Analysis 

Weight status was categorized using age-specific body mass 
index percentiles (BMI-for-age) based on US Centers for Dis-
ease Control and Prevention child growth charts.16 BMI-for-age 
was classified as follows: underweight (under 5th percentile), 
healthy weight (5th to 84th percentile), overweight (85th to 94th 
percentile), and obese (95th percentile and above). Stunting 
was defined as current height-for-age more than 2 SDs below 
the mean of World Health Organization child growth stan-
dards.17 Biologically implausible values for height (< 80cm), 
BMI-for-age (< -4 or > 5 standard deviations according to 
CDC growth charts), and height-for-age (< -6 or > 6 standard 
deviations according to WHO growth standards) were excluded 
from analysis. Prevalence and 95% confidence interval (CI) 
for each BMI-for-age category and stunting were calculated 
overall and stratified by gender, age group, and school type 
(public or private). Prevalence was compared between groups 
using chi-squared tests. P-values less than .05 were considered 
statistically significant. Analysis was conducted using SPSS 
Statistics Version 21 (IBM: Armonk, New York).

Results

Of the 4,551 children enrolled in participating schools, anthro-
pometric data were collected for 3,383 children. Data for 112 
children were excluded due to missing data [gender (n = 1), 
date of birth (n = 104)] and implausible anthropometry values 
(n = 7), leaving a total of 3,271 children included in the analy-
sis (Table 1). This represented 71.9% of children enrolled in 
participating schools.

Children were in school grades Pre-Kindergarten to 6th grade, 
ranging from 4 to 16 years of age. Seventy-five percent of children 
attended public schools (Table 1). Weight status of participating 
children is shown in Table 2. Overall, 5.1% of children included 
in the study were obese. The prevalence of obesity in boys 
(6.3%) was significantly higher than in girls (3.9%) (χ2 = 9.319, 
P  = .002). The prevalence of obesity in private school students 
(11.8%) was significantly higher than in public school students 
(2.9%) (χ2 = 99.01, P < .001). Prevalence of obesity was higher 
among older aged children. Obesity prevalence was similar for 
children aged 4-6 years (3.3%) and 7-9 years (4.4%) (χ2 = 1.60, 
P=0.21), but was significantly higher among children aged 10-
12 years (7.1%, χ2 = 13.01, P < .001, ref 4-6 years), and 13 and 
over (7.9%, χ2 = 4.62, P = .031, ref 4-6 years). 

The overall prevalence of stunting was 23.6% (Table 3). There 
was no significant difference in the prevalence of stunting 
between boys (22.9%) and girls (24.3%) (χ2 = 0.95, P = .33). 
The prevalence of stunting was significantly lower in private 
school students (8.0%) than in public school students (28.8%) 
(χ2 = 145.50, P < .001). The prevalence of stunting also varied 
by age group. Following the same pattern as obesity, stunting 
prevalence was similar for children aged 4-6 years (20.6%) 
and 7-9 years (19.8%) (χ2 = 0.18, P = .67), but was significantly 
higher among children aged 10-12 years (27.5%, χ2 = 12.28, 
P < .001, ref 4-6 years), and 13 years and over (58.4%, χ2 = 62.8, 
P < .001, ref 4-6 years). 

Table 1. Demographic Characteristics of Children with 
Anthropometric Measurements
Child Characteristics N % 95% CI
Gender
Boys 1620 49.5 47.8-51.2
Girls 1651 50.5 48.8-52.2
Age
4-6 years 845 25.8 24.4-27.4
7-9 years 1246 38.1 36.4-39.8
10-12 years 1091 33.4 31.8-35.0
13 years + 89 2.7 2.2-3.3
School Type
Public 2466 75.4 73.9-76.8
Private 805 24.6 23.2-26.1
Total 3271
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Table 2. BMI-for-Age Status of Elementary School Children on Majuro, Republic of Marshall Islands

Underweight Healthy Weight Overweight Obese
χ2 Results 
for Obesity 
Prevalence

n % 95% CI n % 95% CI n % 95% CI n % 95% CI χ2 P - 
Value

Overall 149 4.6 3.9-5.3 2686 82.1 80.8-83.4 269 8.2 7.3-9.2 167 5.1 4.4-5.9
Gender
Boys 81 5.0 4.0-6.1 1290 79.6 77.6-81.5 147 9.1 7.7-10.5 102 6.3 5.2-7.6 Ref
Girls 68 4.1 3.2-5.2 1396 84.6 82.8-86.2 122 7.4 6.2-8.7 65 3.9 3.1-5.0 9.319 .002
Age
4-6 Years 34 4.0 2.9-5.5 724 85.7 83.2-87.9 59 7.0 5.4-8.8 28 3.3 2.3-4.7 Ref
7-9 Years 55 4.4 3.4-5.7 1035 83.1 80.9-85.1 101 8.1 6.7-9.7 55 4.4 3.4-5.7 1.60 .21
10-12 Years 51 4.7 3.5-6.0 859 78.7 76.2-81.1 104 9.5 7.9-11.4 77 7.1 5.9-8.7 13.01 <.001
13 Years + 9 10.1 5.1-17.6 68 76.4 66.8-84.3 5 5.6 2.2-11.9 7 7.9 3.6-14.8 4.62 .031
School Type
Public 127 5.2 4.3-6.1 2104 85.3 83.9-86.7 163 6.6 5.7-7.6 72 2.9 2.3-3.6 Ref
Private 22 2.7 1.8-4.0 582 72.3 69.1-75.3 106 13.2 11.0-15.6 95 11.8 9.7-14.2 99.01 <.001

Table 3. Stunting Status of Elementary School Children on Majuro, Republic of Marshall Islands
Not stunted Stunted

n % 95% CI N % 95% CI χ2 P-Value
Overall 2498 76.4 74.9-77.8 773 23.6 22.2-25.1
Gender
Boys 1249 77.1 75.0-79.1 371 22.9 20.9-25.6 Ref
Girls 1249 75.7 73.5-77.7 402 24.3 22.3-26.5 0.95 .33
Age
4-6 Years 671 79.4 76.6-82.0 174 20.6 18.0-23.4 Ref
7-9 Years 999 80.2 77.9-82.3 247 19.8 17.7-22.1 0.18 .67
10-12 Years 791 72.5 69.8-75.1 300 27.5 24.9-30.2 12.28 <.001
13 Years and Over 37 41.6 31.7-51.9 52 58.4 48.1-68.3 62.8 <.001
School Type
Public 1757 71.2 69.4-73.0 709 28.8 27.0-30.6 Ref
Private 741 92.0 90.0-93.8 64 8.0 6.2-10.0 145.50 <.001

Discussion

Overall, the study found that 23.6% of elementary school children 
on Majuro were stunted, and 5.1% were obese. The prevalence 
of obesity was higher among boys, children attending private 
school, and older children. The prevalence of stunting was 
similar for boys and girls, but higher among children attending 
public school and older children. 

By providing recent data from a large sample of children on 
Majuro, our study has made a significant contribution to the 
literature of childhood stunting and obesity in RMI, particu-

larly for children over 5 years of age for whom limited recent 
data are available. Only three previous studies have assessed 
prevalence of obesity and/or stunting among children in RMI. 
A 2017 national nutrition survey found stunting prevalence 
of 35% and obesity prevalence of 4% among children under 
5 years of age in RMI.10 Another recent survey conducted as 
part of the Children’s Healthy Living Program found stunting 
prevalence of 35% among children 2-8 years of age, and no 
obese children.18 Finally, a 2003 survey conducted in 6 loca-
tions in RMI, ranging from urban and peri-urban conditions to 
remote atolls, found 35.5% of children 1–5 years of age, and 
36.3% of children 5–10 years of age, were stunted.19 
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The prevalence of obesity identified in our study (5%) is similar 
to that reported among children under 5 in the recent national 
nutrition survey.10 While the Children’s Healthy Living Pro-
gram found no obese children aged 2-8 years, this may be due 
to the study’s small sample size (214 children).18 The obesity 
prevalence identified in our study is substantially lower than 
that reported in other United States-affiliated Pacific islands. For 
example, previous studies have reported obesity prevalence of 
47% of children aged 8 years in American Samoa, and 23.0% of 
children aged 6-11 years on Guam.20,21  While obesity prevalence 
was much lower in our study, the pattern of higher prevalence 
of obesity among boys, and in older children, is consistent with 
that reported in USAPIs18,20 and internationally.22,23 

The current study identified a high prevalence of stunting (23.6%) 
among elementary school children on Majuro, indicating that 
childhood undernutrition continues to be a significant public 
health issue on Majuro. While this is lower than the prevalence 
reported in previous studies10,18,19 (approx. 35%), comparisons 
must be made with caution due to the different age groups, 
sampling methods and locations of the studies. Nevertheless, 
the observed prevalence of 23.6% is “very high” according to 
WHO classifications - in a well-nourished population we would 
expect only 2.3% of children to be stunted.17 

The high prevalence of stunting in RMI,- and undernutrition 
more broadly - has been attributed to a complex range of fac-
tors including household food insecurity, limited availability of 
nutritious local foods, poor maternal nutrition during pregnancy, 
unhealthy household environments (eg, lack of clean water, poor 
sanitation), a presence of micronutrient deficiencies throughout 
infancy and young childhood, and poor child feeding prac-
tices (eg, limited breastfeeding, poor complementary feeding 
practices).10 The nutrition situation is further exacerbated by 
the ready availability, and aggressive marketing, of imported 
processed foods that are high in calories.19,24  The recent national 
nutrition survey in RMI found that poorer households were more 
likely to experience food insecurity, and that children under 5 
in the poorest households were more likely to be stunted than 
children from higher wealth quintiles.10 Similarly, the higher 
prevalence of stunting in public school students than private 
school students reported here strongly suggest food insecurity 
as a challenge on Majuro. While previous research in RMI 
has mainly focussed on children under 5, future research may 
seek to further explore the complex associations between food 
security, nutrition and stunting among older children. 

The study supports the need for interventions to improve nutrition 
and promote healthy lifestyles among elementary school-aged 
students, both to address the existing high rates of stunting in 
this age group, and to intervene early to prevent the onset of 
obesity. The WHO highlights the importance of ‘double-duty ac-
tions’ - interventions, programs, and policies that simultaneously 
address both undernutrition, as well as obesity and diet-related 
non-communicable diseases.25 School-based nutrition programs 
have been identified as a potential area for double-duty action, 
and in addition to addressing undernutrition and obesity among 
school children may also be a potential entry point for engaging 
with parents and communities.26 The Majuro Youth Lifetime 
Health Program, by promoting healthy lifestyles and nutrition 
for elementary school students, has potential for double-duty 
action. Beyond school-based education and wellness programs, 
there is also a need to increase the affordability and accessibility 
of healthy foods, for example through free in-school breakfast 
and lunch programs, as well as national legislation and policy. 
Our finding that private schools had higher obesity prevalence 
and lower stunting prevalence than public schools suggests that 
interventions in RMI may need to be tailored by school type, 
with greater emphasis on undernutrition in public schools and 
overnutrition in private schools. 

There were several limitations to this study. First, although the 
eight members of the data collection team received anthropom-
etry training, there was no formal standardization of the data 
collection team.  Although erroneous data were minimised by 
excluding extreme values for height, BMI-for-age, and height-
for-age, measurements may still be subject to measurement error. 
Second, the findings may not be representative of all children 
in RMI, as the sample did not include children from islands 
other than Majuro, children not enrolled in school, children 
who were home-schooled, and children not attending school on 
the day of the survey – all of whom may have different growth 
status to the children included in our study. However, the large 
sample size and high participation rate (data were collected for 
72% of children in participating schools) suggests the sample 
is likely to be representative of Majuro elementary school stu-
dents. Finally, no data were collected on children’s ethnicity. In 
other USAPIs, prevalence of childhood obesity has been found 
to vary by ethnicity;20 it would have been of interest to know 
whether this is also the case on Majuro.

In conclusion, the dual burden of undernutrition and obesity 
is a significant public health a challenge in RMI. The rates of 
stunting and obesity observed in this study highlight elementary 
schools as an important setting for taking integrated double-duty 
actions to address the nutrition dual burden in RMI. 
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